carboxyl, and hydroxyl functional groups, respectively (Fig. 1a) . The one-step derivatization interfering components of the sample matrix (Fig. 1b) . The tagged and extracted metabolites are 121 subsequently analyzed using reversed phase liquid chromatography (LC) coupled with MS.
33-36

122
The reversed-phase LC includes inline solid phase extraction, which focuses the tagged (Fig. 2b, middle panel) . Applying the
171
MetFish method using the amine tagging reagent resulted in quantitative measurement of all 172 amino acids using reversed-phase LC-MS/MS (Fig. 2b, lower panel) . Because of the increased (Figs. 2a and 3a) , the MetFish method enabled 192 quantification of metabolites with carboxylic acids (Fig. 3b), carbonyl (Fig. 3c) , and hydroxyl 193 groups, including sugars (Fig. 3d) and alcohols (Fig. 3e) , all in water containing 2 M MgSO 4 . Table S3 ).
208
The other tags showed median LOQs ranging from 40 nm (carboxyl; 10 metabolites) to 3.5 µM Table   227 S7 for full details). As organisms in the consortium are divergent for their ability to incorporate 228 nitrate, 42 this experiment aimed to determine how differences in the organismal access to 229 nitrogen for amino acid biosynthesis influenced community dynamics and metabolite exchange.
230
To test the hypothesis that availability of reduced nitrogen would increase the rate of amino acid 14 extracellular proteinogenic amino acids over a 17-day cultivation period (Fig. 4a) . In general, We next used MetFish in exo-metabolomics analyses to quantify free proteinogenic 255 amino acids in soil, followed by analysis of biomass-associated molecules. To do so, we 256 modified the classic fumigation-extraction method 43 for measuring microbial biomass-associated 257 carbon content. In the traditional format, soil samples are fumigated with chloroform to lyse 258 microbial cells, followed by immediate extraction with 500 mM K 2 SO 4 , which extracts the total 259 of free and biomass-associated molecules but cannot be used to distinguish between the two.
44-46
260
Makarov and colleagues reported that microbial biomass-associated carbon is increasingly 261 extractable with increasing concentration of the K 2 SO 4 extraction solution, with solubility 262 increases of 1.5 -3.9-fold in 500 mM K 2 SO 4 compared with 50 mM K 2 SO 4 . 47 We therefore free and biomass-associated extracts were quantified using isotope dilution MS (Fig. 4b) . As data-dependent MS/MS mode to obtain comprehensive untargeted data (Fig 5a) . Although the (Fig 5b) . We then purchased isotopically-labeled (Fig. 6a) . Using this approach, we confirmed the 308 identities of 37 metabolites. As shown in Fig. 6a , fluids initially produced from the well at 86-98 309 d showed higher amounts of amino acids than those at 105 and 154 d, while the concentrations of 310 most alcohols and organic acids detected were evenly distributed over the time course.
311
Compared to the input fluids, the metabolite concentrations in produced fluid samples show 312 significant differences (Fig. 6b) . Metabolites such as amino acids and organic acids have 
Data availability
367
The data that support the findings of this study are available upon request. 
